This study investigated the use of ultraviolet (UV) and fluorescence spectroscopy to monitor the changes in biodegradability of dissolved organic matter (DOM) in landfill leachates. Experiments to investigate aerobic biodegradation of leachate DOM were carried out using untreated and treated leachate samples collected from two UK municipal solid waste landfills, L1 and L2.
INTRODUCTION
Dissolved organic matter (DOM), commonly expressed by its dissolved organic carbon content (DOC), can be used in assessing water resource quality. Indeed, the characterization of DOM has been used to identify sources of both allochthonous and anthropogenic pollution in many water-based environments (Baker & Curry ) . Of particular interest is the use of this parameter as both a standard for water quality as well as being a measure of its potential for further treatment. Landfill leachate DOM may be composed of an array of structurally different organic compounds ranging from carbohydrates and proteins to more biologically resistant components known as fulvic and humic materials (Saadi et al. ) .
These humic and fulvic materials significantly affect the accumulation and migration of some priority substances and hence play an important role in the natural environment (Weis et al. ) . In the UK, biological processes are the most commonly used methods of leachate treatment (Robinson & Knox ) . However, the presence of biologically resistant and/or recalcitrant compounds such as humic substances and other toxic substances make the leachate less amenable to biological treatment water, there is a potential that they could damage local water quality and/or create public health problems. Therefore proper monitoring and characterization of leachate DOM in treated effluents is essential for estimating non-biodegradable or recalcitrant DOC composed of dissolved aromatic humic-and fulvic-type molecules which are considered relatively stable against microbial degradation.
It is well known that fulvic acids, humic acids and proteins (due to the presence phenylalanine, tyrosine and tryptophan) have fluorophores (Senesi et al. ) -components which cause a molecule to be fluorescent.
In this respect, fluorescence spectroscopy could provide a rapid method for monitoring and characterizing leachates and also for fingerprinting the other organic pollutants in leachates to optimize leachate treatment processes. The major advantages of this technique lie in its rapidity and versatility and relatively low running costs where the absence of chemicals and sample preparation make it potentially applicable for monitoring a wide range of parameters (Senesi et al. ) . Recent advances in fluorescence spectroscopy have enabled the generation of high resolution three-dimensional excitation-emission matrices (EEM) (Baker ) and there are now many examples in the literature which attempt to relate peak locations in the EEM to the nature of DOM components.
For example, Baker & Curry () 
MATERIALS AND METHODS

Leachate sampling sites
Four untreated and two treated leachate samples were col- 
ANALYTICAL METHODS
Determination of DOC and COD
Dissolved organic carbon of leachate samples was analysed by a high-temperature total organic carbon analyser (Dohrman Rosemount DC-190, USA). Before DOC analyses, samples were acidified to pH < 2 using 2 N HCl to remove inorganic carbon. Chemical oxygen demand (COD) measurements of the leachate samples taken from the aerobic biodegradation reactor were carried out using the micro-digestion technique ( Jirka & Carter ) .
Spectroscopic characterization of leachates
Five millilitre volumes of leachate samples were used for spectroscopic analysis. Sample preparation is not required, except for adjustment of leachate samples to pH 7.0 using 2 M NaOH because fluorescence intensity is highly sensitive to pH change.
UV absorbance measurements
UV absorbance of leachate samples was determined at 254 nm (UV 254 ) on a Cecil spectrophotometer using a 10 mm quartz cell. Distilled water was used as the blank.
Leachate samples were diluted until the absorbance value fell below 0.1/cm at 340 nm wavelength to avoid the inner filtering effects (Baker ).
Fluorescence measurements
The fluorescence spectra of the leachate samples were measured in a standard 10 mm quartz cuvette using a
Varian Cary Eclipse fluorescence spectrofluorometer at 20 W C. Three-dimensional EEMs were generated at excitation and emission slit widths of 5 nm band pass. All samples were scanned at the excitation wavelengths 190-800 nm in 10 nm steps and emission wavelengths 200-800 nm in 10 nm step intervals. The temperature throughout the study was held constant at 20 W C in order to avoid any interference from thermal quenching (Baker ) . The spectra of the water blank was obtained in the same conditions and was subtracted from the original spectra of leachates to eliminate water Raman scatter peaks. Scan speed was 9,600 nm/min.
Three-dimensional maps were built using Sigma-plot 10 software.
The EEMs are illustrated as the elliptical shape of contours. The x-and y-axis represent the emission and excitation wavelength respectively. Contour lines for each EEM spectrum represent the fluorescence intensity. Total fluorescence intensity was calculated by the cumulative integration of the intensity versus emission wavelength data for any given excitation wavelength range corresponding to different types of materials and was corrected by multiplying with the required dilution factor.
RESULTS AND DISCUSSION
Aerobic biodegradation of landfill leachates 
).
Fluorescence spectroscopic results Figure 2 shows the EEM spectra of the leachate DOM fractions generated before and after laboratory-scale aerobic biodegradation for leachates L1 (P4) and L2 (FE) which exhibited high and low content of aromatic compounds (Figure 1(c) ). Four distinct zones were identified on the EEM maps for both of these leachates that were indicative of the presence of different organic substances. The intensities of the peaks in different zones thus correspond to the concentrations of different organic compounds Senesi () also attributed this effect to the greater proximity of aromatic chromomophores and the consequent greater probability of deactivation of excited states by internal quenching in higher molecular weight molecules.
This also may explain the low UV 254 absorbance observed in this leachate (Figure 1(c) ). Table 2 shows that the intensi- (FE) ( Table 2 ). This trend may be attributed to the a Total fluorescence intensity was calculated by the cumulative integration of the intensity versus emission wavelength data for any given excitation wavelength range corresponding to different types of materials and was corrected by multiplying by dilution factor 25 (SD ¼ standard deviation, n ¼ 3). 
